The chemical composition and anti-inflammatory activities of hydrodistilled essential oil from Neolitsea sericea leaves (NSE) have been investigated for the first time. The chemical constituents of NSE were analysed by GC-MS and found to include sericenine (32.3%), sabinene (21.0%), trans-β-ocimene (13.3%), β-caryophyllene (4.8%), and 4-terpineol (4.2%). The effects of NSE on nitric oxide (NO), prostaglandin E 2 (PGE 2 ), tumour necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 production in lipopolysaccharide (LPS)-activated RAW 264.7 macrophages were also examined. Pro-inflammatory cytokine and mediator tests indicated that NSE has excellent dose-dependent inhibitory activities. To further examine the mechanism responsible for the inhibition of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) expression by NSE, we examined the effect of NSE on nuclear factor-κB (NF-κB) activation and the phosphorylation of mitogen-activated protein kinases (MAPK). NSE inhibited NF-κB activation by LPS, and this was associated with the abrogation of IκB-α phosphorylation and subsequent decreases in nuclear p50 and p65 protein levels. Further, the phosphorylation of p38, ERK and JNK was suppressed by NSE in a concentration-dependent manner. These results suggest that NSE exerts anti-inflammatory effects in LPS-stimulated RAW 264.7 macrophages by inhibition of NF-κB activation and MAPK phosphorylation, and, therefore, may be useful for treatment of inflammatory diseases.
Neolitsea sericea (Blume) Koidz (Lauraceae) is distributed on a few islands in Korea, such as Jeju Island and Bogil Island. It is well known for its young leaves, densely covered with silky, yellow-brown hairs that appear golden in the sunshine. The species has historically been associated with Buddhism and is locally honored as the "Buddhism tree". Because of its graceful shape and religious connotation, N. sericea is commonly used as an ornamental tree in public gardens [1] . There are no reports on the chemical composition of essential oil or biological activities of this plant, which is also known as simnang, sinnang, or siknang (on Jeju Island).
Increasing attention is being paid to medicinal and aromatic plants and their antibacterial properties against drug-susceptible and -resistant pathogens in both industrial and academic research [2] [3] [4] . This is in line with the rise in requests to restrict the use of synthetic perfume, since some of the chemicals have been demonstrated to be a source of potential health hazards owing to toxic impurities from synthetic pathway [5] . Therefore, natural essential oils are much more acceptable to consumers than synthetic substances with the added benefit that they do not cause side effects. Recently, essential oils of Korean plants have been found to possess medicinal functions, including antiinflammatory activity [6] [7] [8] . However, to the best of our knowledge, there have been no studies on the essential oil of N. sericea. Therefore, in the present study, the chemical composition and anti-inflammatory activities of hydrodistilled essential oil from N. sericea were investigated for the first time
The general chemical profile of the essential oil, the percentage content, and the retention indices of the constituents are summarized in Table 1 . A total of 35 volatile constituents were identified on the basis of their The GC/MS retention indices were calculated using a homologous series of n-alkanes C 6 -C 31 . Components were characterised based on library and literature searches and only those components showing matches exceeding 80% were selected. RI, retention index; RT, retention time.
mass spectra, which were compared with those in the computer library. The retention indices were calculated using a homologous series of n-alkanes C 6 -C 31 . The peak areas of individual compounds were related to total peak areas of compounds detected by GC. Only the components with matches exceeding 80%, which represented about 94.5% of the NSE, were characterized. Sericenine (32.3%), sabinene (21.0%), trans-β-ocimene (13.3%), β-caryophyllene (4.8%), and 4-terpineol (4.2%) were the main constituents of the NSE.
The pro-inflammatory cytokines PGE 2 and NO are produced by activated macrophages and play critical roles in inflammatory diseases like sepsis and arthritis [9] . Hence, the inhibition of pro-inflammatory cytokines or iNOS and COX-2 expression in inflammatory cells offers a new therapeutic strategy for the treatment of inflammation. In order to validate the use of NSE as an anti-inflammatory agent in traditional Korean medicine, we investigated the effects of NSE on the production of NO and PGE 2 in LPS-activated RAW 264.7 macrophages. RAW 264.7 cells were treated with various concentrations of NSE (12.5-50 μg/mL) for 24 h and cell viability was assessed using an LDH assay. NSE (25 μg/mL) exhibited no cytotoxic effect on RAW264.7 cells in comparison with control cells that received no treatment. The highest concentration of NSE that did not cause more than 15% loss in cell viability was 50 μg/mL. Therefore, 50 μg/mL NSE was chosen for further studies. In order to study inflammatory response, which is evident in arthritis and related illnesses, LPS was used to stimulate the release of NO from macrophage cells. Nitrite is used as an indicator of NO production due to the short half-life of NO. The nitrite concentration was determined in the supernatant after treatment with LPS (1 μg/mL) alone or co-treated with NSE (12.5, 25, and 50 μg/mL) for 24 h using Griess reagent. As shown in Figure 1A , NSE suppressed LPS-induced NO formation significantly in dose-dependent fashion.
We next examined the effects of NSE on PGE 2 production in LPS-stimulated RAW264.7 macrophages. When macrophages were stimulated with LPS (1 μg/mL) for 24 h, the levels of PGE 2 increased in the culture medium. As shown in Fig. 1B , NSE also suppressed LPS-induced PGE 2 production significantly in dose-dependent fashion. NS-398 (20 µM) markedly reduced NO and PGE 2 levels in the RAW 264.3 macrophages. On the other hand, dexamethasone (20 µM) did not affect NO production, but significantly reduced the PGE 2 levels.
Western blot and RT-PCR analyses were performed to determine whether the inhibitory effects of NSE on the pro-inflammatory mediators NO and PGE 2 were related Anti-inflammatory mechanism of NSE Natural Product Communications Vol. 5 (8) to a modulation of iNOS and COX-2 expression. To determine whether the inhibition of NO production is due to lower enzymatic activity or decreased protein expression of NOS, we further studied the effect of NSE on iNOS protein expression by Western blotting. In addition to iNOS, we also studied the effect of NSE on the expression of COX-2 protein, known to be activated in LPS-stimulated macrophages. Our results suggest that NSE significantly inhibits iNOS and COX-2 levels in a dose-dependent fashion. We blotted for β-actin as the loading control; it is noted as a consistent band (Figure 2A ).
To investigate whether the inhibition of protein expression is due to decreased protein synthesis or to modulation of post-translational events, we performed RT-PCR analysis for iNOS and COX-2. Using genespecific primers, 2 μL of cDNA was amplified for 496 base pairs (bp) of iNOS, 696 bp of COX-2, and 603 bp of β-actin by PCR, as described in materials and methods. We have observed that various concentrations of NSE inhibited LPS (1 μg/mL) stimulated mRNA expression of iNOS and COX-2 after 24 h of treatment with RAW264.7 cells. This inhibition of mRNA expression correlates with the inhibition of protein expression by NSE. β-Actin was used as an internal control, and can be seen with a constant band size ( Figure 2B ). Therefore, the inhibitory effect of NSE on iNOS and COX-2 gene expression suggests that this is one of the mechanisms responsible for the antiinflammatory action of NSE.
It has been reported that abnormalities in the production or function of cytokines, such as TNF-α, IL-6, and IL 1β, play roles in many inflammatory lesions. TNF-α is primarily produced by monocytes and macrophages, and has various proinflammatory effects on many cell types. Moreover, it can stimulate the production or expression of IL-6, IL-1β, PGE 2 , collagenase and adhesion molecules. TNF-α elicits septic shock, inflammation and cytotoxicity [10] . IL-6 is an interleukin that acts as both a pro-inflammatory and anti-inflammatory cytokine. It is secreted by T cells and macrophages to stimulate immune response to trauma, especially burns or other tissue damage leading to inflammation [11, 12] . IL-1β is also a major proinflammatory cytokine, primarily released by macrophages, and it is believed to play an important role in the pathophysiology of rheumatoid arthritis [13, 14] . Thus, the inhibition of cytokine production or function is a key mechanism in the control of inflammation [15, 16] . Levels of IL-1β, TNF-α and IL-6 in the culture supernatants were measured using ELISA kits. LPS (1 µg/mL) stimulation for 24 h led to marked increases of IL-1β, TNF-α and IL-6 levels in the cell supernatants. NSE (12.5, 25, 50 µg/mL) treatment for 24 h produced a concentration-dependent inhibition of IL-1β, TNF-α and IL-6 production in RAW 264.7 cells, whereas DEX showed little effect on production of proinflammatory cytokines (Figure 3 ). The expression of mRNA relative to the production of proinflammatory cytokines was detected using RT-PCR assay. The results are presented in Figure 4 . Treatment of LPS (1 µg/mL) for 24 hours remarkably up-regulated the expression of IL-1β, TNF-α and IL-6 mRNA in RAW264.7 cells. NSE (12.5, 25, 50 µg/mL) showed strong and moderate inhibition of IL-1β, TNF-α and IL-6 mRNA expression. In contrast, DEX showed little inhibition of mRNA expression of proinflammatory cytokines at the 20 µM concentration. The comparable action profiles of NSE against cytokine protein levels and relative mRNA expressions suggest that it exhibits an inhibitory effect on the production of proinflammatory cytokines at both protein and gene transcription levels.
It has been demonstrated that LPS activates NF-κB, a transcription factor that leads to the induction of the expression of many immediate early genes [17] [18] [19] . To clarify the inhibitory mechanism of action of NSE for LPS-induced NF-κB, translocation of p50 and p65 as well as IκBα degradation were examined. As a control, we also applied PDCT, a specific NF-κB inhibitor. As shown in Figure 5A , treatment with LPS increased nuclear translocation of p50 and p65. In the presence of NSE and PDCT, nuclear translocation of p50 and p65 was inhibited in a dose-dependent manner in RAW 264.7 cells. Moreover, NSE inhibited the LPS-induced degradation of IκBα ( Figure 5B ). These results indicate that NSE may inhibit the LPS-induced activation of NF-κB via an inhibition of IκBα degradation, as well as a translocation of p50 and p65 into the nucleus, which may result in the inhibition of LPS-induced NO and PGE 2 production as well as iNOS and COX-2 expression.
Subsequent experiments were designed to elucidate the signaling cascades that induce the expression of the iNOS, COX-2 and cytokine genes in RAW 264.7 cells in response to stimulation by LPS. There is evidence that MAPKs play a key role in the regulation of cell growth and differentiation and in the control of cellular responses to cytokines and stresses. These kinases play a key role in the activation of NF-κB. Moreover, MAPK is known to be important in iNOS and COX-2 expression [20] [21] [22] . To investigate whether NSE inhibits NF-κB activation via the MAPK pathway, we used Western blotting to examine the effects of NSE on the 
LPS-stimulated phosphorylation of ERK, JNK, and p38
MAPKs in RAW 264.7 cells. As shown in Figure 6 , NSE (12.5, 25, 50 µg/mL) markedly inhibited p38-MAPK, JNK and ERK activation. The amount of unphosphorylated p38, JNK, and ERK was unaffected by LPS or NSE treatment. As controls, we also used p38, JNK and ERK inhibitors. LPS-induced MAPK expression was significantly suppressed by PD98059, SP200615, and SB203580. These results suggest that phosphorylation of p38, JNK and ERK is involved in the inhibitory effect of NSE on LPS-induced NF-κB binding in RAW264.7 cells.
In summary, we have demonstrated that treatment of RAW 264.7 cells with NSE can decrease levels of proinflammatory mediators and cytokines following LPS stimulation. NSE significantly inhibited the release of NO, PGE 2 , TNF-α, IL-6 and IL-1β in a concentrationdependent manner, acting at the transcriptional and translational level. The anti-inflammatory properties of NSE were mediated by the down-regulation of NF-κB and MAPKs. Based on these findings, NSE appears to have all the necessary properties to be used as an effective anti-inflammatory agent for the treatment of a variety of inflammatory diseases.
Experimental

Chemicals and reagents:
Dulbecco's modified Eagle's medium and fetal bovine serum were obtained from Invitrogen-Gibco (Grand Island, NY). PGE 2 , TNF-α, IL-1β and IL-6 ELISA kits were purchased from R&D systems, Inc. (St. Louis, MO) and BD biosciences (San Diego, CA). All antibodies were purchased from Cell Signaling Technology (Beverly, MA). MAPK and NF-κB inhibitors were purchased from Calbiochem (San Diego, CA). All other reagents were purchased from Sigma-Aldrich Chemical Co. (St Louis, MO, USA).
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